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[57] ABSTRACT

An image reader comprises a line image sensor for read-
ing images of an original for every line, a CPU for

extracting the density level of the background based on

~the read image data for comparing the extracted density
level with a reference level to find the difference, light

adjusting circuit for adjusting the intensity of a lamp for
exposing the original so as to make the difference ob-

' tained by the operation equal to 0 and a compare circuit

for converting the read image data to binary data,

-wherein the adjustment of the intensity of the lamp by

the light adjusting circuit 1s carried out in parallel to the
conversion of the image data by the compare circuit.

10 Claims, 12 Drawing Sheets

44 46 48 54

( /
comPare]  |ouTPuT
CIRCUIT [T 1CIRCUIT

I ISELECTOR

/98

_EFFECTIVE IMAGE SIGNAL



Sheet 1 of 12 5,014,332

May 7, 1991

U.S. Patent

INJWILSNOrav
NOILVOIJINOVIA

o V4> . 2z

-' SIXV LHOI ) N,
X . -—
INIWLSNrav
: SNJ04

PR POV

L € ol o y >

b OI1



U.S.,Patent May 7, 1991 Sheet 2 of 12 5,014,332

FIG.2

26 -~~_]
'} )

AR

N
olhdllio

I —
1R ¢
20 24

L
|
l
|

32




Sheet 3 of 12 5,0 14,332

May 7, 1991

U.S. Patent

iR{gle =100
1Nd1no

G

3HVANOD

8Y

LINOYIDf

TVYNOIS 3OWWI 3AILD3343 H3AIHA . &

NO[IVEENTD
N1 17

TVYNOIS ONVIANNOO _
TYNOIS NOLLISOd 3NIWY3L3034d

TIVNOIS dAv ]
TYNOIS HOLOW

TVNOIS LNNOWV 34NS0OdX3

IVNOIS 430-NG

YQREIR,
NOI iv43N3D
92030 07

HS

[R{gle}=)t0
ONIISNIrQV

9y vy -0z Z LY



_U.S. Patent May 7, 1591 Sheet 4 of 12 5,014,332

FI166 F1G.6A

POWER ON

S102

INITIALIZATION

S108 _
LAMP ON
S110

MOTOR ON

112

MOTOR RETURN

| REFERENCE
2202 EXPOSURE

READ
SHADING DATA




U.S. Patent May 7, 1991 Sheet 5 of 12 5,014,332

F16.6B

YES S120

IMAGE DENSITY
INTO LINE RAM

S132 ' 122

SET EXPOSURE | [EXTRACT IMAGE
AMOUNT SIGNAL ATl |WHITE/BLACK

PRESCRIBED VALUE LEVEL

S124

CHANGE _
AMOUNT OF
EXPOSURE

- D134 Y

- MOTOR OFF




5,014,332

L7

L |

1 -

S _-

O .

2 _, .
b

=

- .

m. TVNOIS JLIHM WYY 3NIT - D

TVNOIS AINNOWY 3HNSOdX3T - 3 Viva 3JOVWI--- 8
VIV3 WYY 3NIT---G  TVNOIS 3SINd LIHS - V

L 9OI4

U.S. Patent



U.S. Patent May 7, 1991 Sheet 7 of 12 5,014,332

FIG.8A
_ _
O
< |
Z |
w B
: .lII llll
o
(i
0 1 2 3 ---------- 125 126 127
FI1G.88B
>
-
<
)
-
o,
i)
Qc
LL.
50 100
PEAK OF ~ PEAK OF

BLACK LEVEL WHITE LEVEL



U.S. Patent May 7, 1991 Sheet 8 of 12 5,014,332

FIG.S

TRIMMING REGION

ORIGINAL

I



TVNOIS JOVWT 3AILO3493 HIANG
_ 29 26
43A1Ha
_ ~09 9

TVNOIS ONVNNOD

5,014,332

L1NJdID

NOLIVY3NIO
Ndil 1vd

¢

a TVNOIS NOILISOd GINING3L30349d
o TVNOIS dAV 1

5 TVNOIS HOLOW

&7 LINDHID

=

3 IVNOIS ONIGVHS >
X 8

% Linoyd | | Linouid LINDYID | Ju31u3AN0D

= LNdLNO [ | 3UVANOL ONIAVHS Qlv

L _ 434A
v 8Y 9% vYy v 02

N . | 431 HIANOD

- vid

QL)

o

a J
7 Ol'9l4

-



U.S. Patent ‘May 7,1991  Sheet10of12 95,014,332

FI6.1 o FIG11A
FIGA1A|FIG.11B - _ *
| 102

5108
' 200 - LAMP ON
R ER  ES -
('T:SIWJ 110 _
NO S201 B | MOTOR ON
MOTOR RETURN ST
' REFERENCE
' 2202 EXPOSURE
MOTOR OFF 7

. READ '
o | SHADING DATA

116

g
ol

{YES

N




U.S. P atent May 7, 1991 Sheet 11 of 12 5,014,332

FI16.11B

Sna e

S12C

IMAGE DENSITY
INTO LINE RAM

5132 1 S122

"SET Dref AT EXTRACT IMAGE

| PRESCRIBED WHITE/BLACK
VALU LEVEL

_ Si24 _
CHANGE REFERENCE

VOLTAGE OF
A/ D CONVERTER

5125

LAMP OFF
MOTOR RETURN

133 < 10ER
REFERENCE
BOSITION.

S134 ES

| MOTOR OFF




May 7, 1991 Sheet 12 of 12 5,014,332

U.S. Patent

( 434G ) .
VIVO 3OVI0A FONIHISIY- - 3

viva Wvd 3N[---Q

TYNOIS 3LMM Wvd 3NIT--- D

viva 39VNI--- 8

TVNOIS 3SINd LJIHS--- vV

2L 914



5,014,332

1
IMAGE READER

BACKGROUND OF THE INVENTION

I. Field of the Invention

The present invention relates generally to an lmage
reader and more particularly to an image reader capable
of adjusting the image density without prescanning or
special sensors to detect the density of an original.

2. Description of Related Art

An image reader is used, for example, when an image
of an original is electronically filed and read to be trans-
mitted by facsimile, and the like. Conventionally, image
readers using the linear charge coupled device (herein-
after abbreviated as CCD) have been provided. _

Such an image reader has a platen glass to place the
original and the CCD to scan the original. Reflection

light from the original is converted, into an electric

sxgnal by the CCD. The electric signals are outputted as

image data successively after bemg processed by a pre-

scribed 31gnal processmg circuit.

When an image is read by the image reader, the den-
sity of the image to be formed is adjusted at an appropri-
ate level. In order to effect this adjustment, convention-
ally the density of the original image has been previ-
ously read by prescanning, which is performed before
the scanning for an actual image reading. The read
signals are adjusted so that the density becomes near the
reference level. Other than the above described method
for adjustment, sensors for detecting the density of the
original image are used. The sensors carry out the den-
sity detection of the image. The image signals are ad-
justed based on the obtained density.

As described above, in the conventional image read-
ers, prescanning or special apparatuses such as sensors
for detecting density must be provided for adjusting the
density of the image. Consequently, it takes much time
~ for density adjustment and the image reader becomes
expensive.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention is to
provide an image reader in which the adjustment of the
tmage density can be carried out easily and properly.

Another object of the present invention 1s to provide
an image reader which is capable of reducing time and
cost. |

A further object of the present invention is to provide
an image reader which does not require prescanning for
adjusting the density of an image.

A still further object of the present invention is to
provide an image reader which does not require a den-
sity detecting sensor for adjusting the density of an
image. -

These objects of the present invention can be accom-
plished by an image reader comprising: a platen for
mounting an original having a background portion and
a character portion; scanning means for scanning an
original placed on the platen, including exposure lamp
for illuminating the original, a line image sensor with a
light receiving means for receiving reflected light of the
exposure lamp reflected from the surface of the original,
for outputting analog image data dependent on the
amount of light received by the light receiving means,
and a projection lens for projecting the image of the
original on the line image sensor; analog-to-digital con-
verting means for converting analog image data into
digital multilevel image data; memory means for storing
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the digital multilevel image data; image density level
extracting means for extracting the density level based
on the digital multilevel image data; arithmetic means
for comparing the image density level extracted by the
image density level extracting means with a predeter-
mined reference density level to find the difference;
means for adjusting the amount of light for adjusting the
amount of light of the exposure lamp in order to make

" the difference obtained from the arithmetic means equal

to 0; binary converting means for converting the digital
multilevel image data into binary image data; and paral-
lel processing control means for effecting in parallel the
adjustment of light amount by the means for adjusting
the amount of light and the conversion of data by the

binary converting means.
In the foregoing, the image density level of the back-

ground region means the level based on the data ob-

tained from the reflected light from the background
region of the original image, for example.

The reference density level means, for example, the
level based on the data obtained from the reflected light
from an ideal white original. When an output signal
from the CCD is quantized in 7 bits and the black level
is “0”and the white level is “127”, then the reference
density level becomes 127. |

Therefore, the comparison of the density level of the
image in the background region with the reference
density level and the elimination of the difference means
the following process. For example, when the back-
ground region of the original is pale blue and the density
data of the region is “100”, then the above mentioned
image level is made near “127”, whereby the back-
ground region of the image to be formed becomes
white. The above described operation of making the
level of the background region near the reference level
is effected by controlling the amount of light of the
exposure lamp.

The above described objects of the present invention
can be also accomplished by an image reader compris-
ing: a platen for mounting an original having a back-
ground portion and a character portion; scanning means
for scanning the original mounted on the platen, includ-
ing an exposure lamp for illuminating the original, line
image sensor with light receiving means for receiving
the reflected light of the exposure lamp reflected from
the surface of the original for outputting analog image
data dependent on the amount of light received by the
light receiving means, and a projection lens for project-
ing the original image on the line image sensor; analog-
to-digital converting means for converting analog
image data to digital multilevel image data based on the
reference voltage; memory means for storing the digital
multilevel 1mage data; image density level extracting
means for extracting the image density level corre-
sponding to the background portion of the original
based on the digital multilevel image data; arithmetic
means for comparing the image density level extracted
by the image density level extracting means with a

predetermined reference density level to find a differ-

ence; reference voltage adjusting means for adjusting
the reference voltage of the analog-to-digital convert-
ing means based on the difference obtained from the
arithmetic means; binary converting means for convert-
ing the digital multilevel image data into binary image
data; and parallel processing control means for effecting
in parallel the reference voltage adjustment by said
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reference voltage adjusting means and the conversion
of data by the binary converting means.

The meanings of the image density level of the back-
ground region and the like are the same as that de-
scribed 1n the foregoing. In the image reader having 5
such structure, the level of the background region is
made similar to the reference level by controlling the
reference voltage of the analog-to-digital converting
means. |

‘The detection of the density level of the background
region and the adjustment of the amount of light are
successively carried out in parallel to the reading of the
image. Therefore, the image sensor in accordance with
the present invention requires neither prescanning nor
special sensor apparatus for density adjustment. Conse-
quently, an image reader can be provided in which the
adjustment of image density can be easily and properly
carried out. '

These objects and other objects, features, aspects and
advantages of the present invention will become more 20

apparent fromt the following detailed description of
the present invention when taken in conjunction with

the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic cross sectional view showing
the structure of an image reader in accordance with the
present invention;

FIG. 2 is a plan view illustrating the moving mecha-
nism of a lens and a line sensor;

FIG. 3 is a plan view of a test pattern;

FIG. 4 is a graph showing a den51ty distribution of a
black pattern portion employed in focus adjustment of
the line sensor;

FIG. §.is a block diagram of a circuit for generating 35
image data in accordance with a first embodiment of the
present invention;

FIG. 6A-B is a flow chart showing the control of the
control CPU of the image reader in accordance with
the first embodiment of the present invention;

FIG. 7 1s a time chart showing the control of the
control CPU of the image reader in accordance with
the first embodiment of the present invention;

FIGS. 8A and 8B are graphs illustrating the method
for extracting the image density level;

FIG. 9 shows the control region in the trimming
mode in accordance with a second embodiment of the
present invention;

FIG. 10 1s a block diagram of a circuit for generating
image data in accordance with the second embodiment 50
of the present invention;

FIG. 11A-B is a flow chart showmg the control of
the control CPU of the image reader in accordance
with the second embodiment of the present 1nvent10n
and

FIG. 12 i1s a time chart showing the control of the
control CPU of the image reader in accordance with
the second embodiment of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The embodiments of the present invention will be
described in the following order with reference to the
appended drawings.

(1) An outhne of the structure of the image reader

(2) Description of the test pattern

(3) Control means of the image reader in accordance

with a first embodiment
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(4) Description of the operation of the image reader

- in accordance with the first embodiment

(5) Control means of the image reader in accordance
with a second embodiment

(6) Description of the operation of the image reader
in accordance with the second embodiment

(1) Outline of the Structure of the Image Reader

FIG. 1 is a schematic cross sectional view showing
the structure of the image reader in accordance with the

present invention.
The image reader in accordance with the present

invention comprises an original glass plate 4 for mount-

ing an original 6, a lens 18 and a CCD line sensor 20
(hereinafter referred to as a line sensor) for reading the
image of the original 6 and a first slider 33 and a second

slider 34 including an optical system for transmitting the

image on the original 6 to the line sensor 20. The line
sensor 20 comprises a plurality of image pick up devices
arranged in a line. The first slider 31 comprises a halo-
gen lamp 2 which 1s an exposure source, a reflection
mirror 8 and an infrared filter 10 which are attached to
the halogen lamp 2, and a first mirror 12. The second
slider 32 comprises a second mirror 14 and a third mir-
ror 16. The line sensor 20 is protected by a line sensor
holding portion 22 and, together with the lens 18, is
attached to the carriage 24. The line sensor protecting
portion adjusts the position and angle of the line sensor.

A test pattern (see FIG. 3) for adjusting magnification

and focus, and for correcting shading is provided at the
end and on the lower surface of the original glass plate

4. |
The operation will be described in the following. The

‘halogen lamp 2 which is the exposure source irradiates

the original 6 placed on the original glass plate 4. The
original 6 i1s placed along and juxtaposed to the original
scale provided on the original glass plate 4. In reading
the original image, the first slider 31 and the second
slider 32 are moved in the direction of the arrow a in the
figure. The second slider 32 moves at the half speed of
the first slider. The light reflected from the original 6
are successively reflected by the first mirror 12, the
second mirror 14 and the third mirror 16 and, thereaf-
ter, it enters the line sensor 20 through the lens 18. As
the original image 6 is being scanned, the reflected light
from the original 6 successively enters the line sensor 20
for every line.

FIG. 2 1s a plan view for illustrating the moving
mechanism of the carriage 24. The carriage 24 is moved
by a lens motor 26 through the wire 28 along a guide
rail 30. The magnification is adjusted by moving the
carriage 24 in the direction of the light axis. The focus
adjustment 1s carried out by moving the line sensor
holding portion 22 1n the direction of the light axis by a
focusing motor 32. |

(2) Description of the Test Patter

The test pattern 7 for adjusting magnification and
focus, and for correcting shading and the like comprises
a white shading portion 7a in the upper half and a pat-
tern portion 76 in the lower half as shown in FIG. 3.

The shading correction is carried out in the following
manner. First, the reflected light from the test pattern 7
which 1s uniform white is subjected to the photoelectric
conversion by the image pick up device 20. Thereafter,
the converted electric signal are read and taken in the
A/D converter and the shading circuit. The details
about the A/D converter and the shading circuit will be
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described later. The difference between the read elec-
tric signal and the ideal signal is corrected. The above
mentioned difference is caused by unevenness of the
- optical system such as the lamp 2 or by the influence of
variation in the characteristics in the image pick up
devices constltutmg the line sensor 20. The data for
correction is stored in the shading circuit.

The pattern portion 76 of the test pattern 7 comprises'

black patterns 7¢, 7c prowded on both sides and a stripe

pattem 7d provided in the central portion. The magnifi-

cation is determined in the following manner. The dis-
tance L between black patterns 7¢ and 7¢ is measured by
the line sensor 20. The distance L is compared with a
N prescnbed length to be evaluated. The focus adjustment
is effected in the following manner. The distribution
data of the density D near the inner edge 7e of the black
pattern pomon 7¢ is measured (solid line in FIG. 4). The

CCD 20 is moved by the focusing motor 32 so that the
above mentioned density data comes near the state

shown by the dotted line in FIG. 4.
As described above, the focus and magnification are
adjusted by the apparatus of this embodiment.
- As shown in FIG. 1, the test pattern 1s placed at the
edge portion of the original glass plate 4. Therefore, in
‘he apparatus, of this embodiment, the image data hav-
ing the optimal densny is obtained simultaneously with
the reading of the image. Therefore, neither prescan-
ning nor special sensors are required for adjusting the

density.

(3) Control Means of the Image Reader 1n Accoi‘dance
with the First Embodiment

FIG. 5 is a black diagram of a circuit for generating
the image data in accordance with the first embodiment
of the present invention.

The clock generation circuit 40 applies the necessary
shift pulse signal SH to the line sensor 20 and, simulta-
neously, 1t applies a clock signal to the CPU 42. The hine
sensor 20 recetves the reflected light from the original
and converts the reflected light into the electric signal
corresponding to the amount of received light. The
A/D converter 44 converts analog signals from the line
sensor 20 to digital multilevel signals.

The shading circuit 46 is to correct unevenness of the
amount of light in the main scanning direction (line
direction) or the variation of the elements (pixels) of the
line sensor 20. The shading circuit 46 has the timing for
correction provided by the shading signal from the
CPU 42. The output signals from the shading circuit 46
are inputted to a compare circuit 48 for binarization and
a line RAM 50. |

The compare circuit 48 carries out the comparison of
magnitude between the shading corrected image signal
and the reference signal (reference signal for binariza-
tion) selected in a selector 52. The result is outputted by
] bit to an output circuit §4. The output circuit 54 exter-
nally outputs 1 bit image signal and an effective image
signal.

The effective 1image signal is the signal outputted in
association only with the effective portion of the origi-
nal, which is used when a portion of the original is
trimmed or masked.

The line RAM 50 stores the shading corrected image
signals for one line. The writing signal is outputted from

the CPU 42. The CPU 42 obtains image information of 65

one line from the line RAM 50. |
On the attribute information and uniform threshold
information for binarization (binarization without em-
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ploying dither method) are stored in the RAM 56. The
attribute information comprises information for each

pixel, e.g. whether the pixel should be subjected to the

binary processing or intermediate processing. The attri-
bute information is inputted beforehand by the operator
through an operating panel and the like, not shown. The
binary or dither attribute is determined by the CPU 42
based on the image information of one line written in
the line RAM. The above mentioned uniform threshold
value is also determined based on the above mentioned
image information of one line. The pattern generation
circuit 58 generates the information of the threshold
value in accordance with the dither method (uneven
threshold value). The said threshold value is generated

in the matrix form of m Xn).
The selector 52 selects the threshold information for

binarization which is to be transmitted to the compare

circuit 48 based on the attribute information from the
RAM 5§6. More specifically, when the attribute 1s dither,
it transmits the dither pattern data from the pattern
generation circuit 58 as the threshold information and, if
the attribute is binary, it transmits the uniform level data
from the RAM 56 as the threshold information to the
compare circuit 48.

The light adjusting circuit 41 is controlled by the
light amount signal from the CPU 42 to adjust the inten-
sity of emitted light from the exposure lamp 2. The
control 1s the feedback control based on the image in-
formation of one line written in the line RAM 350. It is
carried out in such a manner that the image data corre-
sponding to the background of the original (not always
white) become white level, for example.

The CPU 42 inputs a motor signal, lamp signal, pre-
determined position signal and a command signal. The
magnification and focus are adjusted by driving the lens
motor 26 and the focusing motor 32, respectively,
through drivers 60 and 62. '

(4) Description of the Operation of the Image Reader in
Accordance with the First Embodiment

The operation of the image reader in accordance with
the first embodiment will be described in the following.

FIG. 6 is a flow chart showing the control of the
image reader by the control CPU 42 and FIG. 7 is a
time chart. Meanwhile, processes such as magnification
adjustment, focus adjustment, output of image data and
so on which have no direct relation with the main por-
tion of the present invention are omitted in the flow
chart. |

The CPU 42 starts its operation when the power is

. turned on, for example, and initialization is effected

(S102). |

When the scan command is inputted (5104), the posi-
tion of the slider 1s checked. When the slider is not in
the reference position (S200), a driving signal to the
shder driving motor, not shown, is generated (S5201).
The shder (the slider comprises a first slider mounting a
halogen lamp 2 and the like and a second slider mount-
ing a mirror 14 and the like) is set at the reference posi-
tion. Thereafter, the said driving signal is turned off
(S202). Whether the slider is at the reference position or
not is determined by, for example, input of a predeter-
mined position signal from the scanning system. There-
after, an on signal to the exposure lamp 2 and to the
slider driving motor s generated (S108, S110), so as to
start the exposure scanning of the test pattern. and the
original.



5,014,332

7

The intensity of emitted light of the exposure lamp 2
is set at the optimal level based on the reflected light
from the white pattern pomon Ta of the test pattern 7
(S112). The settmg is effected in the following manner.
When the analog image signal from the line sensor 20 1s
quantized by 7 bit, for example, [128 stages from the
black level 0 to whlte level 127), the intensity of emitted
light from the lamp 2 is adjusted such that the maximum
value of the digital image signal obtained from the re-
flected light from the white pattern portion 7a becomes
127.

Based on the reflected light from the white pattern
~portion 7a of the test pattern 7, the data for shading

correction is written in the RAM of the shading circuit
46 (Sli4). The said data for correction is to multiply the
output data from each pixel in the line sensor 20 by a

- prescribed coefficient for each pixel. Consequently, the
data obtained from the white pattern portion 74 is made-

uniform by the shading correction.

When the scanning position reaches the edge of the
image (S116), the effective image signal 1s generated and
the output of the image data begins at the output circuit
54. The effective image region from which the effective
image signals are generated is designated previously by
the operator by an operating panel, not shown.

When automatic exposure adjustment mode is se-
lected (S118: Yes), the image data B is written in the line

- RAM 50 through the shading circuit 46 in synchroniza-

tion with the line RAM writing signal C (5120). The
RAM writing signal C rises at every three clocks of SH
signal A (see FIG. 7).

Refemng to FIG. 7, A 1s a shift pulse 51gnal for out-
putting image signals from the line sensor. B denotes the
image data read at each time. L1, 1.2, L3 and so on
correspond to the first, second, third line, and so on,
respectively. C i1s a line RAM writing signal, and when
it rises, the data read immediately before the rising is
written in the ine RAM 50. D shows the contents of the
data held in the line RAM §0. In the period labeled by
L1, the data read by the first line (I.1) is held in the line
RAM 350. E denotes an exposure amount signal. In the
period labeled by LLL 1, the image portion 1s read by the
amount of light based on the data read by the first line
(L1).

FIG. 7 shows the followmg operation. Namely, the
mmage data L1 is stored in the line RAM §0. The differ-
ence from the reference density level is evaluated based
on the data. The amount of light of the halogen lamp is
controlled such that the difference obtained from the
operation becomes 0. The fourth to sixth lines are read
by the line sensor 20 by that amount of light.

Based on the said written line RAM data D, the
image data corresponding to the background portion
and the image portion of the original is extracted.

There are vanous methods for extraction. For exam-
ple, a histogram is formed of the data of each of the
pixels of the line RAM data D and the level which is
most frequent above the level 63 may be extracted a the

density level of the background portion and the level

which 1s most frequent below the level 63 may be ex-
tracted as the density level of the image portion.

The method 1s shown in FIGS. 8A and 8B. FIG. 8A
shows the relation between the frequency and the level
in which the data of each of the pixels in the line RAM
data D is allocated in accordance with the level and
FIG. 8B is the graph obtained by linking the vertices of
the histogram of FIG. 8A to show the peak value of the
tevel more clearly. Referring to F1G. 8B, there are two
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peaks in the graph. One is the peak corresponding to the

‘image portion and the other is the peak corresponding

to the background portion. According to the present
invention, the peak value corresponding to the back-
ground portion is the data extracted.

The region of the original to which trimming and the
like 1s carried out may be designated by the operator o
automatically. When trimming operation should be
effected, the density levels of the image portion and the
background portion are based on the image data in the
trimming region.

The exposure amount signal E is controlled based on
the said extracted density data (S124). Namely, the in-
tensity of the emitted light from the exposure lamp 2 is
adjusted. The adjustment is effected in such a manner

‘that the data corresponding to the background portion
after the shading correction becomes the maximum

value 127 (see Sli2).

- As is apparent from the time chart of FIG. 7, the
image data of one line is stored in the line RAM 50 at
every three lines. The correction of the amount of light
in reading the following three lines is carried out based
on the data. Therefore, the time of starting adjustment
by the exposure amount signal E 1s delayed from the
referred image data B by three clocks of the SH signal
A, that is, by three lines of the scanning.

If the automatic exposure adjustment mode is not
selected in the said step SlI8, the exposure amount signal
E is set at a prescribed value (S132). The prescribed
value is selected in such manner as follows. The expo-
sure intensity 1s evaluated which makes the image den-
sity level corresponding to the white pattern portion 7a
of the test pattern 7 becomes the said maximum value
127. The value of the exposure amount signal to obtain
the exposure intensity is the above mentioned pre-
scribed value. |

When the exposure scanning position reaches the rear
end of the original (S126), the effective image signal is
turned off to stop the data output from the output cir-
cuit 4. The off signal of the exposure lamp 2 is generated
(S128). A return signal for the slider driving motor is
generated (S130) so that the slider is returned to the
reference position. After it is determined that the slider
is returned at the reference position (S133), the off signal
of the slider driving motor is generated (S134).

Meanwhile, if the edition image forming such as trim-
ming 1s designated, the above described control is car-
ried out only for the trimming region out of the original
region as shown in FI1G. 9.

In the above embodiment, the data is extracted at
every three lines as shown in FIG. 7. The following
three lines are automatically exposed using the image
data obtained based on the extracted data.

~ Alternatively, the following method may be em-
ployed. Namely, the data for plural lines are succes-
sively extracted. The maximum value or the average
value of the obtained data is evaluated. The image data
1s formed based on the result of operation. The follow-
ing plurality of lines are automatically exposed based on
the obtained image data.

More specifically, let us assume that,

the image level of the nth line =110

the image level of the n+ 1th line =111

the image level of the n42th line =112

the image level of the n+3th line =111.

In this case, the following four lines are automatically
exposed using the average level 111 of each of the lines.
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(5) Control Means of the Image Reader in Accordance
with a Second Embodiment

' The second embodiment of the present invention will
be described in the following. In the second embodi-
ment, the level of the background region is made near
the reference level by controlling a reference vcltagc of
the A/D conversion. The second embodiment is the
same as the first embodiment except the above men-
tioned point. Therefore, only the portions different
from the first embodiment are described. |

FIG. 10 is a block diagram of a circuit for gencratlng
the image data in accordance with the second embodi-

ment of the present invention.

Referring to FIG. 10, the point dlffercnt from the first
embodiment is that the lamp 2 provided with light ad-
Justmg circuit 41 is eliminated and a D/A converter 33

is provided to apply the reference voltage to the A/D-

converter 44.

The D/A converter 35 is controlled by a 8 bit refer-
ence voltage signal Dref from the CPU 42 to adjust the
reference voltage of the A/D converter 44. The control
is the feedback control carried out based on the image
information of one line written in the line RAM 50. The
control is carried out such thrt th< image data corre-
‘sponding to the background of the original (not always
white) has the white level.

Since other portions are the same as the first embodi-
ment, the description thereof will be omitted.

(6) Description of the Operation of the Image Reader in
Accordance with the Second Embodiment

FIG. 11 is a flow chart showing the content of the
control of the image reader by the control CPU 42 in
accordance with the second embodiment and FIG. 12 is
a time chart.

The steps before the extraction of the density data of
the original region or the density data of the trimming
region (steps before S122) are the same as the first em-
bodiment, so that the description thereof will be omit-
ted.

Referring to FIG. 11, the steps following the step
S122 wiil be described.

The reference voltage signal Dref is controlled based
on the density data extracted in the step S122 (S124). The
reference voltage of the A/D converter is adjusted. The
adjustment s carried out such that the data correspond-
ing to the background portion after the shading correc-
tion becomes the maximum value of 127 (see Sli2).

As is apparent from the E’ of the time chart of FIG.
12, the time for starting adjustment by the reference
voltage signal Dref delays from the image data B to be
referred to by three clocks of the SH signal A, that is,
three lines of the scanning.

If the automatic exposure adjustment mode 1S not
selected in the said step Sl8, the reference voltage sig-
nal Dref is set at a prescribed value (SI132°). The pre-
scribed value 1s selected in the following manner.
Namely, the reference voltage is evaluated which
makes the image density level corresponding to the
white pattern portion 7a of the test pattern 7 to be the
said maximum value 127. The reference voltage value 1s
the prescribed value.

When the exposure scanning position reaches the rear
end of the original (S126), the effective image signal is
turned off. The output of data from the output circuit 54
is stopped. The off signal of the exposure lamp 2 is
generated (SI128). A return signal for the shider driving
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‘motor is generated (S130). The slider 1s returned to the

reference position (S133). The off signal of the slider
driving motor is generated (S134).

As described in detail in the foregoing, in the present
invention, the data for adjusting density is read by one
line unit in the image reader employing a linear sensor
and the intensity of emitted light from the exposure
lamp is successively controlled based on the data, or the
reference voltage of the A/D conversion is controlled.

As is apparent from the description of the embodi-
ments, according to the present invention, the density
adjustment can be carried out during the reading of the
image. Therefore, an image reader i1s provided which
requires neither prescanning nor special sensors for

density detection.
Although the present invention has been described

and illustrated in detail, it is clearly understood that the

same is by way of illustration and example only and 1s
not to be taken by way of limitation, the scope of the
present invention being limited only by the terms of the
appended claims.

What is claimed is:

1. An image reader comprising:

a platen for mounting an original having a back-

ground portion and a character portion;

scanning means for scanning said original mounted on

said platen, including an exposure lamp for illumi-
nating said original, a line image sensor with light
receiving means for receiving reflected light from
“said exposure lamp reflected at the surface of said
original for outputting analog image data corre-
sponding to the amount of light received by said
light receiving means, and a projection lens for
projecting an image of said original on said line
Image Sensor;
analog-to-digital converting means for converting
said analog image data into digital multilevel image
data;
memory means for storing said digital multilevel
image data; |

image density level extracting means for extracting
the image density level corresponding to the back-
ground portion of said original based on said digital
multilevel image data; |

arithmetic means for comparing the image density

level extracted by said image density level extract-
ing means with a predetermined reference density
level to find a difference;

light amount adjusting means for adjusting the

amount of light from said exposure lamp based on
the difference obtained by said arithmetic means;
- binary converting means for converting said digital
multilevel image data into binary image data; and
parallel processing control means for carrying out
said light amount adjustment by said light amount
adjusting means and the conversion of data by said
binary converting means in parallel.

2. An image reader according to claim 1, wherein said
light amount adjustment comprises the adjustment of
light amount to make the difference which is obtained
by said arithmetic means equal to 0.

3. An image reader according to claim 1, wherein said
digital multilevel image data which is to be converted
by said binary converting means comprises the digital
multilevel image data subjected to said light amount
adjustment.
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4. An mmage reader according to claim 1, wherein said
memory means comprises the memory capacitance of at
least one line of said line image sensor. o
5. Ani Image reader according to claim 3, wherein said
memory means stores digital multilevel image data for
ever prescribed line.
6. An image reader comprising:
a platen for mounting an original having a back-
ground portion and a character portion;
scanning means for scanning said original mounted on
said platen, including an exposure lamp for illumi-
nating said original, a line image sensor with light
receiving means for receiving reflected light of said
exposure lamp reflected from a surface of said
“original for outputting analog image data corre-
sponding to the amount of light received by said

light receiving means, and a projection lens for

pro_;ecnng an image of said ongmal on said line
tmage Sensor; o

analog-to-digital converting means for converting
said analog image data to digital multilevel image
data based on a reference voltage;

memory means for storing said digital multllevel
image data;

image density level extracting means for extracting
the image density level corresponding to the back-
ground portion of said original based on said digital
multilevel image data;
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arithmetic means for companng the image density
level extracted by said image density level extract-
ing means with a predetermined reference density
level to find a difference;
reference voltage adjusting means for adjusting the
reference voltage of said analog-to-digital convert-
ing means based on the difference obtained by said
arithmetic means;
binary converting means for converting said digital
multilevel image data to binary image data; and
- parallel processing control means for carrying out
said reference voltage adjustment by said reference
voltage adjusting means and the conversion of data
by said binary converting means in parallel.
7. An1mage reader according to claim 6, wherein said
reference voltage adjustment comprises adjustment of

.the reference voltage to make the difference which is

obtained by said arithmetic means equal to O.

8. Animage reader according to claim 6, wherein said
digital multilevel image data which is to be converted
by said binary converting means comprises digital mul-
tilevel image data subjected to said reference voltage
adjustment,

9. Animage reader according to claim 8, wherein said
memory means comprises the memory capacitance of at
least one line of said line image sensor.

10. An image reader according to claim 9, wherein
said memory means stores digital multilevel image data

at every prescribed line.
0 * % x *_
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